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TEMPERATURE SENSOR, DISPLAY PANEL,
AND DISPLAY APPARATUS

This application 1s a 371 of PCT Patent Application Serial
No. PCT/CN2018/090875, filed on Jun. 12, 2018, which
claims prionity to Chinese Patent Application No.
201710443333.5, filed on Jun. 13, 2017 and entitled “TEM-
PERATURE SENSOR, DISPLAY PANEL, AND DISPLAY
APPARATUS”, which 1s incorporated herein by reference in
its entirety.

TECHNICAL FIELD

The present disclosure relates to the field of sensors, and
in particular, to a temperature sensor, a display panel, and a
display apparatus.

BACKGROUND

With the rapid development of display technologies,
display apparatuses are increasingly widely used. A display
apparatus usually includes a display panel. During actual
application, excessively high or low temperature may prob-
ably cause damage to the display panel to aflect display
quality. To prevent excessively high or low temperature
from damaging the display panel, a temperature sensor may
usually be disposed to monitor temperature of the display
panel, so that measures can be adopted when 1t 1s detected

that the temperature of the display panel is relatively high or
low, thereby avoiding damage to the display panel.

SUMMARY

The present disclosure provides a temperature sensor, a
display panel, and a display apparatus. The technical solu-
tions are as follows.

In a first aspect, there 1s provided a temperature sensor,
comprising a ring oscillator consisting of n levels of phase
inverters, wherein n 1s an odd number, wherein each level of
phase inverter comprises a first thin film transistor (TFT)
and a second TFT that are connected 1n series, an on/ofil state
of the first TFT 1s configured to be determined by a signal
input to the phase inverter, an on/ofl state of the second TFT
1s configured to be 1n a normally on state, and mobaility of an
active layer material of the first TEF'T 1s greater than mobility
of an active layer material of the second TFT.

Optionally, a combination of a type of the first TF'T and
a type of the second TFT 1s any of the followings: the first
TFT 1s a low temperature poly-silicon TFT, and the second
TFT 1s an amorphous silicon TF'T; the first TF'T 1s an oxide
semiconductor TFT, and the second TFT 1s an amorphous
silicon TFT; and the first TFT 1s a low temperature poly-
silicon TFT, and the second TFT 1s an oxide semiconductor
TFT.

Optionally, a gate of the first TFT 1s connected to an input
terminal of the phase inverter, a first electrode of the first
TFT 1s connected to a first electrode of the second TFT and
an output terminal of the inverter respectively, and a second
clectrode of the first TF'T 1s connected to a signal port
configured to output a first level signal; a gate of the second
TFT and a second electrode of the second TFT are connected
to a signal port configured to output a target level signal
respectively, wherein the target level signal 1s a level signal
that can turn on the second TFT, each of a level of the target
level signal and a level of the first level signal 1s one of a first
level and a second level, respectively, and the first level 1s a
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2

high level relative to the second level; and each of the first
electrode and the second electrode are one of a source and

a drain, respectively.

Optionally, the first TFT and the second TFT are both
n-type TEFIs.

Optionally, the first TFT 1s an n-type TFT, and the second
TFT 1s a p-type TFT.

Optionally, the first TFT has a bottom gate structure, a top
gate structure and a double gate structure; and the second
TFT has a bottom gate structure, a top gate structure and a
double gate structure.

Optionally, a gain value of the ring oscillator 1s greater
than 1, and the gain value 1s:

) |
|

M1 Cﬂxl (

\ M2 C.:-xz(

Ay =

SESE

wherein A 1s a gain between the first TFT and the second

TFT, u, 1s the mobility of the active layer material of the first
TFT, C__, 1s a capacitance of a gate insulating layer of the

first TFT,

Wi
L

1s a width/length ratio of a channel of the first TFT, u, 1s the
mobility of the active layer material of the second TFT, C__,
1s a capacitance of a gate msulating layer of the second TFT,
and

W>
Ly

1s a width/length ratio of a channel of the second TFT.

Optionally, the temperature sensor further comprises a
frequency detection circuit connected to the ring oscillator;
and the frequency detection circuit 1s configured to detect
frequency of an oscillating wave generated by the ring
oscillator.

Optionally, a gate of the first TFT 1s connected to an input
terminal of the inverter, a first electrode of the first TFT 1s
connected to a first electrode of the second TFT and an
output terminal of the inverter respectively, and a second
clectrode of the first TFT 1s connected to a signal port
configured to output a first level signal; a first electrode of
the second TFT 1s further connected to the output terminal
of the mverter, and a gate of the second TFT and a second
clectrode of the second TFT are connected to a signal port
configured to output a target level signal respectively; the
target level signal 1s a level signal that can turn on the second
TFT, each of a level of the target level signal and a level of
the first level signal 1s one of a first level and a second level,
respectively, and the first level 1s a high level relative to the
second level; and each of the first electrode and the second
clectrode are one of a source and a drain, respectively; a
combination of a type of the first TF'T and a type of the
second TF'T 1s any of the followings: the first TFT 1s a low
temperature poly-silicon TFT, and the second TFT i1s an
amorphous silicon TFT; the first TF'T 1s an oxide semicon-
ductor TFT, and the second TFT 1s an amorphous silicon
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TFT; the first TFT 1s a low temperature poly-silicon TFT,
and the second TFT 1s an oxide semiconductor TFT; the first
TFT has one of a bottom gate structure, a top gate structure
and a double gate structure; and the second TFT has one of
a bottom gate structure, a top gate structure and a double

gate structure; and a combination of the first TF'T and the
second TFT 1s any of the following: the first TFT and the
second TFT are both n-type TFTs; and the first TFT 1s an

n-type TFT, and the second TFT 1s a p-type TFT.

In a second aspect, there 1s provided a display panel,
wherein any of the temperature sensors described above 1s
disposed 1n the display panel.

Optionally, the display panel comprises a substrate and a
plurality of thin film transistors (TFT) disposed on the
substrate, and the plurality of TFTs comprises the first TEFT
and the second TFT.

Optionally, the first TFT and the second TFT are disposed
adjacently on the substrate.

Optionally, the n levels of phase inverters are disposed
adjacently on the substrate.

Optionally, the first TFT and the second TFT are disposed
in a non-display region of the display panel.

In a third aspect, there 1s provided a display apparatus,
wherein the display apparatus comprises any of the display
panels described 1n the second aspect.

BRIEF DESCRIPTION OF THE

DRAWINGS

To describe the technical solutions 1n the embodiments of
the present disclosure more clearly, the following briefly
introduces the accompanying drawings required for describ-
ing the embodiments. Apparently, the accompanying draw-
ings in the following description show only some embodi-
ments of the present disclosure, and a person of ordinary
skill in the art may still derive other drawings from these
accompanying drawings without creative eflorts.

FIG. 1 1s a schematic structural diagram of a temperature
sensor according to an embodiment of the present disclo-
sure.

FIG. 2 1s a schematic structural diagram of a phase
inverter according to an embodiment of the present disclo-
sure.

FIG. 3 1s a schematic diagram of a characteristic curve of
a TFT according to an embodiment of the present disclosure.

FIG. 4 1s a schematic structural diagram of a temperature
sensor according to an embodiment of the present disclo-
sure.

FIG. 5 1s a schematic diagram of a display panel accord-
ing to an embodiment of the present disclosure.

DETAILED DESCRIPTION

To make the objectives, technical solutions, and advan-
tages 1n the present disclosure clearer, the following further
describes the implementation manners of the present disclo-
sure 1n detail with reference to the accompanying drawings.

Generally, to protect a display panel and ensure display
quality of the display panel, a temperature sensor configured
to measure temperature of the display panel may be disposed
in a display apparatus. When the temperature sensor mea-
sures that the temperature of the display panel 1s excessively
high or low, the display apparatus may respond 1n time to
adjust the temperature of the display panel.

In related technology, a temperature sensor 1s usually
disposed outside the display panel and connected to the
display panel. However, when the temperature sensor is
disposed outside the display panel, the temperature sensor
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4

cannot accurately monitor temperature inside the display
panel, resulting 1n relatively low measurement accuracy of
the temperature sensor.

Embodiments of the present disclosure provide a tem-
perature sensor configured to measure temperature of a
display panel. The temperature sensor consists of a TFT. The

—

display panel may usually include a plurality of TFTs.
Therefore, the temperature sensor provided 1n the embodi-
ments of the present disclosure may be integrated in the
display panel, so that the temperature sensor can measure the
temperature of the display panel more accurately.

FIG. 1 1s a schematic diagram of a temperature sensor
according to an embodiment of the present disclosure. As
shown i FIG. 1, the temperature sensor includes a ring
oscillator 100 consisting of n levels of phase 1nverters f,
where n 1s an odd number greater than or equal to 1. Each
level of phase mverter 1 includes a first thin film transistor
(TFT) and a second TFT that are connected 1n series. An
on/off state of the second TFT 1s configured to be 1n a
normally-on state, an on/ofl state of the first TFT 1s config-
ured to be determined by a signal input to the phase imnverter,
and mobility of an active layer matenal of the first TFT 1s
greater than mobility of an active layer material of the
second TFT.

It should be noted that the foregoing “connected 1n series”
means that a source or a drain of the first TF'T 1s connected
to a source of the second TFT, or, a source or a drain of the
first TFT 1s connected to a drain of the second TFT, so that
when the first TFT and the second TFT are both turned on,
a current may pass through the sources and drains of the first
TFT and the second TFT without generating a branch
current.

A phase mverter 1s an electronic device that can shift a
phase of an mput signal by 180 degrees for output. To be
specific, a signal mput to an input terminal and a signal
output from an output terminal of the phase mverter have a
phase difference of 180 degrees. For example, when the
signal mnput to the input terminal of the phase inverter 1s a
high level signal, the signal output from the output terminal
1s a low level signal, and when the signal input to the input
terminal of the phase inverter 1s a low level signal, the signal
output from the output terminal 1s a high level signal.

The phase mverter fin this embodiment of the present
disclosure consists of a first TF'T and a second TF'T that are
connected 1 series. Referring to FIG. 2, FIG. 2 1s a
schematic structural diagram of a phase inverter according
to an embodiment of the present disclosure. A gate G1 of the
first TFT 101 1s connected to an input terminal r of the phase
inverter. A first electrode J11 of the first TF'T 101 1s con-
nected to a first electrode J21 of the second TFT 102 and an
output terminal ¢ of the inverter, respectively. A second
clectrode of the first TFT 101 1s connected to a signal port
configured to output a first level signal. A gate G1 of the first
TFT 101 1s connected to an input terminal r of the inverter.
A first electrode J21 of the second TFT 102 is further
connected to the output terminal ¢ of the inverter. A gate G2
of the second TFT 102 and a second electrode J22 of the
second TFT 102 are connected to a signal port D configured
to output a target level signal. The target level signal 15 a
level signal that can turn on the second TFT 102. Each of a
level of the target level signal and a level of the first level
signal 1s one of a first level and a second level, respectively.
That 1s, the level of the first level signal 1s a low level when
the level of the target level signal 1s a high level, and the
level of the first level signal 1s a high level when the level
of the target level signal 1s a low level.
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It should be noted that the first electrode J11 of the first
TFT 101 may be a source of the first TFT 101, and a second
clectrode J12 may be a drain of the first TFT 101, or, the first
clectrode J11 of the first TFT may be a drain of the first TFT
101, and a second electrode J12 may be a source of the first 5
TFT 101. Stmalarly, the first electrode J21 of the second TFT
102 may be a source of the second TF'T 102, and the second
clectrode J22 may be a drain of the second TFT 102, or, the
first electrode J21 of the second TFT may be a drain of the
second TFT 102, and the second electrode J22 may be a 10
source of the second TFT 101. This 1s not specifically
limited 1n this embodiment of the present disclosure.

As shown 1n FIG. 2, the gate G2 of the second TFT 102
1s connected to the signal port D configured to output a target
level signal. Theretore, the second TFT 102 1s in a normally- 15
on state, and the gate G1 of the first TFT 101 1s connected
to the 1nput terminal r of the phase inverter. Therefore, the
on/ofl state of the first TFT 101 1s determined by a signal
input to the phase inverter.

During actual application, the first TFT 101 and the 20
second TFT 102 may be both n-type TFTs. To be specific,
the first TFT 101 and the second TFT 102 are both turned on
by a high level signal and are cut off by a low level signal.

In this case, the target level signal may be a high level signal,
and the first level signal 1s a low level signal. That 1s, the 25
level of the target level signal 1s a high level relative to the
level of the first level signal. Exemplarily, the signal port
configured to output the first level signal 1s grounded.

Optionally, the first TE'T 101 may be an n-type TFT, and
the second TFT 102 may be a p-type TFT. To be specific, the 30
second TFT 102 1s turned on by a low level signal and 1s cut
ofl by a high level signal. In this case, the target level signal
may be a low level signal, and the first level signal 1s a high
level signal. That 1s, the level of the target level signal 1s a
low level relative to the level of the first level signal. 35
Exemplarily, the signal port configured to output the target
level signal 1s grounded.

This embodiment of the present disclosure uses only an
example 1n which the first TFT 101 and the second TFT 102
are both n-type TFTs to briefly describe below a principle 40
according to which the phase inverter i this embodiment of
the present disclosure shifts a phase of an input signal by 180
degrees for output. A case 1n which the first TFT 101 1s an
n-type TFT and the second TFT 102 i1s a p-type TFT 1s
similar to the case 1n which the first TFT 101 and the second 45
TFT 102 are both n-type TFTs. Details are not described
herein again in this embodiment of the present disclosure.

When a low level signal 1s mput to the input terminal r of
the phase inverter, the first TF'T 101 1s 1n an ofl state. In this
case, the target level signal output by the signal port D 50
connected to the second electrode J22 of the second TFT 102
1s only used to drive the first electrode J21 and the second
clectrode J22 of the second TFT 102 to generate a current.
The target level signal output from the signal port D passes
through the first electrode J21 and the second electrode J22 55
of the second TFT 102 and 1s output from the output terminal
¢ of the phase inverter. In this case, the signal output from
the output terminal ¢ of the phase inverter 1s a high level
signal. In this way, the phase inverter provided in this
embodiment of the present disclosure implements a function 60
of shifting a low level signal by 180 degrees for output.

When a high level signal i1s mput to the mput terminal r
of the phase inverter, the first TFT 101 1s 1n an on state. In
this case, the target level signal output by the signal port D
connected to the second electrode J22 of the second TFT 102 65
not only 1s used to drive the first electrode J21 and the
second electrode J22 of the second TFT 102 to generate a

6

current but also 1s used to drive the first electrode J11 and the
second electrode J12 of the first TFT 101 to generate a
current. In this case, the target level signal output from the
signal port D 1s voltage-divided by the first TF'T 101 and the
second TFT 102 that are connected 1n series. In this case, the
signal output from the output terminal ¢ of the phase inverter
1s a low level signal. In this way, the phase inverter provided
in this embodiment of the present disclosure implements a
function of shifting a high level signal by 180 degrees for
output.

Continuing to refer to FIG. 1, as shown 1n FIG. 1, 1n the
ring oscillator 100, an input terminal rk of a kth level of
phase mnverter 1 1s connected to an output terminal ck-1 of
a (k—1)th level of phase inverter 1, an output terminal ck of
the kth level of phase mverter 1 1s connected to an nput
terminal rk+1 of a (k+1)th level of phase inverter 1, and an
output terminal cn of an nth level of phase inverter 1 1s
connected to an input terminal rl of a first level of phase
inverter 1, where k 1s a positive integer greater than 1 and
less than n.

The ring oscillator 100 can generate an oscillating wave.
This embodiment of the present disclosure uses an example
in which the ring oscillator 100 includes three levels of
phase inverters 1 to brief describe below a principle accord-
ing to which the ring oscillator 100 generates an oscillating
wave.

At a moment t0, a high level signal 1s mput to an 1nput
terminal of a first level of phase inverter. At a moment tl, the
first level of phase mverter may output a low level signal,
and the low level signal 1s mput to an mmput terminal of a
second level of phase inverter. At a moment t2, the second
level of phase inverter may output a high level signal, and
the high level signal 1s mput to an mput terminal of a third
level of phase inverter. At a moment t3, the third level of
phase mverter may output a low level signal, and the low
level signal 1s mput to the mput terminal of the first level of
phase inverter. In this way, after duration of t3-t0, a high
level signal 1s changed into a low level signal at the mput
terminal of the first level of phase inverter. Similarly, after
the same duration, the low level signal may be changed nto
the high level signal again at the input terminal of the first
level of phase inverter. In this way, the ring oscillator 100
can generate an oscillating wave. A period of the oscillating
wave generated by the ring oscillator 100 1s t3-10. It should
be noted that the ring oscillator 100 can generate an oscil-
lating wave only when the quantity of phase inverters
included in the ring oscillator 100 1s an odd number.

Generally, oscillating frequency of the ring oscillator 1s
positively correlated to magnitude of a current passing
through the phase inverters forming the ring oscillator. To be
specific, when a larger current passes through the phase
inverters forming the ring oscillator, the oscillating fre-
quency of the ring oscillator 1s larger. The oscillating fre-
quency of the ring oscillator means frequency of an oscil-
lating wave generated by the ring oscillator. The reason 1s
that when a larger current passes through the phase inverters,
delays between input signals and output signals of the phase
inverters are smaller. To be specific, 1n the foregoing
example, values of t1-t0, 12-t1, and t3-t2 are smaller. When
the delays between the mput signals and the output signals
of the phase inverters are smaller, an oscillating period of the
ring oscillator consisting of the phase inverters 1s shorter. To
be specific, the value of t3-10 1n the foregoing example 1s
smaller. When the oscillating period of the ring oscillator 1s
shorter, the oscillating frequency of the ring oscillator 1s
larger.
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In addition, as temperature rises, a current value of a TF'T
changes. FIG. 3 shows a characteristic curve of a TFT. In
FIG. 3, a vertical axis represents a current value between a
first electrode and a second electrode of the TFT, where the
unit 1s ampere, and a horizontal axis represents a voltage
value between the first electrode and the second electrode of
the TFT, where the unit 1s volt. As can be learned from FIG.
3, as temperature of the TFT rises, 1f the voltage value at the
first electrode 1s the same as the voltage value at the second
electrode of the TFT, the current value between the first
clectrode and the second electrode of the TF'T increases.

As can be learned from the foregoing description, because
the phase mnverter { in this embodiment of the present
disclosure consists of a TF'T, when the temperature rises, a

current value of the phase inverter 1 increases, and oscillat-
ing frequency of the ring oscillator 100 consisting of the
phase inverters 1 also increases. Therefore, a temperature
value measured by the temperature sensor provided in this
embodiment of the present disclosure may be retlected by
the oscillating frequency of the ring oscillator 100.

The temperature sensor provided in this embodiment of
the present disclosure consists of a TFT, and a display panel
usually includes a TFT. Therefore, the temperature sensor
provided in this embodiment of the present disclosure may
be integrated in the display panel, so that the temperature
sensor can measure a temperature value of the display panel
more accurately.

Optionally, to enable the ring oscillator 100 to generate
oscillation, a gain value of the ring oscillator needs to be
greater than a gain threshold. Optionally, the gain threshold
may be 1. To be specific, the gain value of the ring oscillator
needs to be greater than 1, and a gain of the ring oscillator
may be represented by using the following formula:

Wi
M1 Cﬂxl(_)

Ly
Cor( 2]
\#2 OX2 LZ

Ay =

where A 1s a gain between the first TFT 101 and the second
TEFT 102, pu, 1s mobility of an active layer material of the first

TFT 101, C__, 1s a capacitance of a gate insulating layer of
the first TFT 101,

Wi
L

1s a width/length ratio of a channel of the first TF'T 101, p,
1s mobility of an active layer material of the second TFT

102, C__, 1s a capacitance of a gate mnsulating layer of the
second TFT 102, and

W,

L,

1s a width/length ratio of a channel of the second TFT 102.
A capacitance of a gate insulating layer means 1s a
capacitance between electrodes at two ends of the gate
insulating layer.
As can be learned from the foregoing formula, 1t may be
ensured that the ring oscillator 100 generates an oscillating
wave by ensuring that a ratio of the width/length ratio of the
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channel of the first TFT 101 to the width/length ratio of the
channel of the second TFT 102 1s greater than a threshold.
Optionally, the threshold may be 20. Alternatively, 1t may be
ensured that the ring oscillator 100 generates an oscillating
wave by ensuring that a ratio of the mobaility of the active
layer material of the first TF'T 101 to the mobility of the
active layer material of the second TF'T 102 1s greater than
a threshold. Further alternatively, 1t may be ensured that the
ring oscillator 100 generates an oscillating wave by ensuring
that a ratio of the capacitance of the gate insulating layer of
the first TF'T 101 to the capacﬂance of the gate msulating
layer of the second TFT 102 1s greater than a threshold.

However, generally, capacitances of gate insulating layers
of different types of TF'Ts are generally 10 farads to 8 farads
and the differences are relatively small. Therefore, 1t 1s
difficult to ensure that the ring oscillator 100 generates an
oscillating wave by ensuring that the ratio of the capacitance
of the gate insulating layer of the first TFT 101 to the
capacitance of the gate nsulating layer of the second TFT
102 15 greater than a threshold. When 1t 1s ensured that the
ratio of the width/length ratio of the channel of the first TF'T
101 to the width/length ratio of the channel of the second
TFT 102 1s greater than a threshold, the width/length ratio of
the channel of the first TF'T 101 1s relatively large. When the
width/length ratio of the channel of the first TFT 101 1s
relatively large, the first TF'T 101 consequently occupies a
relatively large area. As a result, it 1s more difhicult to
integrate the temperature sensor 1n the display panel, and the
first TFT 101 further has a relatively large parasitic capaci-
tance, leading to relatively high power consumption of the
first TFT.

Therefore, 1n this embodiment of the present disclosure, it
may be ensured that the ring oscillator 100 generates an
oscillating wave by ensuring that the ratio of the mobility of
the active layer material of the first TF'T 101 to the mobility
of the active layer material of the second TFT 102 1s greater
than a threshold. For example, the threshold 1s greater than
1. To be specific, 1t may be ensured that the ring oscillator
100 generates an oscillating wave by ensuring that the
mobility of the active layer material of the first TF'T 101 1s
greater than the mobility of the active layer material of the
second TFT 102.

In conclusion, this embodiment of the present disclosure
provides the temperature sensor that includes n levels of
phase inverters, where each level of phase mverter includes
the first TFT and the second TFT. In this way, the tempera-
ture sensor may consist of a TFT in the display panel, so that
the temperature sensor may be integrated in the display
panel, and further the temperature sensor can accurately
monitor temperature 1inside the display panel, thereby
improving the measurement accuracy of the temperature
SEeNsor.

Optionally, TF'Ts usually include a low temperature poly-
silicon (LTPS) TFT, an amorphous silicon (c-S1) TFT, and
an oxide semiconductor TFT. Mobility of an active layer
matenal of the LTPS TFT 1s usually between 80 and 120,
and mobility of an active layer maternial of a relatively
common LTPS TFT 1s 100. Mobility of an active layer
material of the a-S1 TFT 1s usually less than 1, and mobility
of an active layer material of a relatively common a-S1 TFT
1s 0.1. Mobility of an active layer material of the oxide
semiconductor TFT 1s usually between 1 and 30, and mobil-
ity of an active layer material of a relatively common oxide
semiconductor TFT 1s 10.

To ensure that the mobaility of the active layer material of
the first TFT 101 1s greater than the mobility of the active

layer material of the second TFT 102, in this embodiment of
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the present disclosure, the first TFT 101 may be an LTPS
TFT, and the second TFT 102 may be an a-S1 TFT, or, the
first TF'T 101 may be an oxide semiconductor TF'T, and the
second TFT 102 may be an a.-S1 TFT, or, the first TFT 10
1s an LIPS TFT, and the second TFT 102 i1s an oxide
semiconductor TFT.

Optionally, 1 this embodiment of the present disclosure,
the first TFT 101 may be a bottom gate structure, a top gate
structure or a double gate structure. Similarly, the second
TFT 102 may be a bottom gate structure, a top gate structure
or a double gate structure.

Optionally, as shown 1n FIG. 4, 1n this embodiment of the
present disclosure, the temperature sensor may further
include a frequency detection circuit 200. The frequency
detection circuit 200 1s connected to the ring oscillator 100.
The frequency detection circuit 200 1s configured to detect
frequency of an oscillating wave generated by the ring
oscillator 100, to determine, by using the frequency of the
oscillating wave, the temperature value measured by the
temperature sensor.

In conclusion, this embodiment of the present disclosure
provides the temperature sensor that includes n levels of
phase mverters, where each level of phase mverter includes
the first TFT and the second TFT. In this way, the tempera-
ture sensor may consist of a TFT in the display panel, so that
the temperature sensor may be integrated in the display
panel, and further the temperature sensor can accurately
monitor temperature inside the display panel, thereby
improving the measurement accuracy of the temperature
SENnsor.

An embodiment of the present disclosure further provides
a display panel. As shown in FIG. 5§, the display panel
includes a substrate 501 and a plurality of TFTs disposed on
the substrate. The plurality of TF'Ts includes the foregoing
TFTs 1n the nng oscillator 100 1n the temperature sensor. To
be specific, the plurality of TFTs includes the foregoing first
TFT 101 and second TFT 102. To be specific, the foregoing
temperature sensor 1s integrated in the display panel. It
should be noted that FIG. 5 only shows the first TFT 101 and
the second TFT 102 of the plurality of TFTs disposed on the
substrate, and FIG. 5 only shows some first TFTs 101 and
second TFTs 102.

Optionally, the first TFT 101 and the second TFT 102 are
disposed adjacently on the substrate. Optionally, the first
TFT 101 and the second TFT 102 are disposed adjacently on
the substrate 1n a target direction. For example, the first TEF'T
101 and the second TFT 102 may be located in a same row
and are adjacent in the same row. Alternatively, the first TFT
101 and the second TFT 102 may be located in a same
column and are adjacent i1n the same column. As shown 1n
FI1G. 5, the first TFT 101 and the second TFT 102 of each
phase inverter in the ring oscillator 100 are located 1n a same
column and are adjacent in the same column.

In addition, the foregoing kth level of phase verter,
(k—1)th level of phase inverter, and (k+1)th level of phase
inverter are also disposed adjacently on the substrate.

The first TF'T 101 and the second TFT 102 are disposed
adjacently, and the kth level of phase inverter, the (k-1)th
level of phase inverter, and the (k+1)th level of phase
iverter are disposed adjacently, so that the dithiculty of
manufacturing the temperature sensor can be reduced.

Optionally, the first TF'T 101 and the second TFT 102 may
be disposed 1n a non-display region of the display panel, to
avoild negative impact on display of the display panel.

An embodiment of the present disclosure further provides
a display apparatus. The display apparatus includes the
toregoing display panel. The display apparatus may be any
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product or component having a display function, for
example, an electronic paper, a mobile phone, a tablet
computer, a television, a display, a notebook computer, a
digital photo frame, and a navigator.

The foregoing descriptions are merely preferred embodi-
ments of the present disclosure, but are not intended to limit
the present disclosure. Any modification, equivalent replace-
ment, or improvement made within the spinit and principle
of the present disclosure shall fall within the protection
scope of the present disclosure.

What 1s claimed 1s:

1. A temperature sensor, comprising a ring oscillator
consisting of n levels of phase inverters, wherein n 1s an odd
number, wherein

cach level of phase iverter comprises a first thin film
transistor (TFT) and a second TF'T that are connected
in series, an on/oil state of the first TF'T 1s configured
to be determined by a signal input to the phase imnverter,
an on/ofl state of the second TFT 1s configured to be 1n
a normally on state, and mobility of an active layer
material of the first TFT 1s greater than mobility of an
active layer matenial of the second TFT.

2. The temperature sensor according to claim 1, wherein

a combination of a type of the first TFT and a type of the
second TFT 1s any of the followings:

the first TFT 1s a low temperature poly-silicon TFT, and
the second TFT 1s an amorphous silicon TFT;

the first TFT 1s an oxide semiconductor TFT, and the
second TFT 1s an amorphous silicon TFT; and

the first TFT 1s a low temperature poly-silicon TFT, and
the second TFT 1s an oxide semiconductor TFT.

3. The temperature sensor according to claim 1, wherein

a gate of the first TFT 1s connected to an mput terminal of
the phase inverter, a first electrode of the first TFT 1s
connected to a first electrode of the second TFT and an
output terminal of the inverter respectively, and a second
clectrode of the first TFT 1s connected to a signal port
configured to output a first level signal;

a gate of the second TFT and a second electrode of the
second TFT are connected to a signal port configured to
output a target level signal respectively;

wherein the target level signal 1s a level signal that can
turn on the second TFT, each of a level of the target
level signal and a level of the first level signal 1s one of
a first level and a second level, respectively, and the
first level 1s a huigh level relative to the second level; and

cach of the first electrode and the second electrode are one
of a source and a drain, respectively.

4. The temperature sensor according to claim 3, wherein

the first TFT and the second TFT are both n-type TFTs.

5. The temperature sensor according to claim 3, wherein
the first TFT 1s an n-type TFT, and the second TFT 1s a
p-type TFT.

6. The temperature sensor according to claim 1, wherein
the first TFT has one of a bottom gate structure, a top gate
structure and a double gate structure; and

the second TFT has one of a bottom gate structure, a top
gate structure and a double gate structure.

7. The temperature sensor according to claim 1, wherein

a gain value of the ring oscillator 1s greater than 1, and the
gain value 1s:
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wherein
A, 1s a gain between the first TFT and the second TFT, 1,
1s the mobility of the active layer material of the first

TFT, C__, 1s a capacitance of a gate msulating layer of
the first TFT,

Wi
L

1s a width/length ratio of a channel of the first TFT, u, 1s the
mobility of the active layer material of the second TFT, C__,
1s a capacitance of a gate msulating layer of the second TFT,
and

W,

L,

1s a width/length ratio of a channel of the second TFT.

8. The temperature sensor according to claim 1, wherein
the temperature sensor further comprises a frequency detec-
tion circuit connected to the ring oscillator; and

the frequency detection circuit 1s configured to detect

frequency of an oscillating wave generated by the ring
oscillator.

9. A display panel, wherein a temperature sensor 1s
disposed 1n the display panel, the temperature sensor com-
prises a ring oscillator consisting of n levels of phase
inverters, wherein n 1s an odd number,

cach level of phase mnverter comprises a first TFT and a

second TFT that are connected 1n series, an on/ofl state
of the first TFT 1s configured to be determined by a
signal input to the phase inverter, an on/ofl state of the
second TF'T 1s configured to be in a normally on state,
and mobility of an active layer material of the first TFT
1s greater than mobility of an active layer material of
the second TFT.

10. The display panel according to claim 9, wherein the
display panel comprises a substrate and a plurality of thin
film transistors (TFT) disposed on the substrate, and the
plurality of TFTs comprises the first TFT and the second
TFT.

11. The display panel according to claim 10, wherein the
first TFT and the second TFT are disposed adjacently on the
substrate.

12. The display panel according to claim 10, wherein the
n levels of phase inverters are disposed adjacently on the
substrate.

13. The display panel according to claim 10, wherein the
first TF'T and the second TF'T are disposed 1n a non-display
region ol the display panel.

14. A display apparatus, comprising: a display panel,
wherein a temperature sensor 1s disposed in the display
panel,

the temperature sensor comprises a ring oscillator con-

sisting of n levels of phase inverters, wherein n 1s an
odd number,

cach level of phase mnverter comprises a first TFT and a

second TFT that are connected 1n series, an on/ofl state
of the first TFT 1s configured to be determined by a
signal input to the phase inverter, an on/ofl state of the
second TF'T 1s configured to be in a normally on state,
and mobility of an active layer material of the first TFT
1s greater than mobility of an active layer material of

the second TFT.
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15. The temperature sensor according to claim 8, wherein
a gate of the first TFT 1s connected to an mput terminal of
the inverter, a first electrode of the first TFT 1s connected to
a first electrode of the second TF'T and an output terminal of
the inverter respectively, and a second electrode of the first
TFT 1s connected to a signal port configured to output a first
level signal;

a first electrode of the second TFT 1s further connected to
the output terminal of the iverter, and a gate of the
second TFT and a second electrode of the second TEFT
are connected to a signal port configured to output a
target level signal respectively;

wherein the target level signal 1s a level signal that can
turn on the second TFT, each of a level of the target
level signal and a level of the first level signal 1s one of
a first level and a second level, respectively, and the
first level 1s a high level relative to the second level; and
cach of the first electrode and the second electrode are
one of a source and a drain, respectively;

a combination of a type of the first TF'T and a type of the
second TFT 1s any of the followings: the first TFT 1s a
low temperature poly-silicon TFT, and the second TFT
1s an amorphous silicon TFT; the first TFT 1s an oxide
semiconductor TFT, and the second TFT 1s an amor-
phous silicon TFT; the first TF'T 1s a low temperature
poly-silicon TFT, and the second TFT 1s an oxide
semiconductor TFT;

the first TF'T has one of a bottom gate structure, a top gate
structure and a double gate structure; and the second
TFT has one of a bottom gate structure, a top gate
structure and a double gate structure; and

a combination of the first TFT and the second TFT 1s any
of the followings: the first TFT and the second TFT are
both n-type TFTs; and the first TFT 1s an n-type TFT,
and the second TFT 1s a p-type TFT.

16. The display panel according to claim 9, wherein a
combination of a type of the first TF'T and a type of the
second TFT 1s any of the followings:

the first TFT 1s a low temperature poly-silicon TFT, and
the second TFT 1s an amorphous silicon TFT;

the first TFT 1s an oxide semiconductor TFT, and the
second TFT 1s an amorphous silicon TFT; and

the first TFT 1s a low temperature poly-silicon TFT, and
the second TFT 1s an oxide semiconductor TFT.

17. The display panel according to claim 9, wherein a gate
of the first TFT 1s connected to an mput terminal of the
inverter, a first electrode of the first TFT 1s connected to a
first electrode of the second TFT and an output terminal of
the mverter respectively, and a second electrode of the first
TFT 1s connected to a signal port configured to output a first
level signal;

a first electrode of the second TFT 1s further connected to
the output terminal of the mverter, and a gate of the
second TFT and a second electrode of the second TFT
are connected to a signal port configured to output a
target level signal respectively;

wherein the target level signal 1s a level signal that can
turn on the second TFT, each of a level of the target
level signal and a level of the first level signal 1s one of
a first level and a second level, respectively, and the
first level 1s a high level relative to the second level; and
cach of the first electrode and the second electrode are
one of a source and a drain, respectively.

18. The display panel according to claim 9, wherein the

first TFT and the second TFT are both n-type TFTs.
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19. The display panel according to claim 9, wherein the
first TFT 1s an n-type TFT, and the second TFT 1s a p-type
TFT.

20. The display panel according to claim 9, wherein the
first TFT has one of a bottom gate structure, a top gate 5
structure and a double gate structure; and the second TEFT
has one of a bottom gate structure, a top gate structure and
a double gate structure.

G x e Gx o

14



	Front Page
	Drawings
	Specification
	Claims

